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(57) ABSTRACT 

A splitter separates telephony traffic (POTS) from digital 
subscriber line (ADSL) traffic occupying a higher frequency 
band. The sphtter comprises a low-pass filter for passing the 
telephony traffic, the low-pass filter being operable to vary 
its filtering response between a first low-pass response for 
use during telephony speech traffic, and a second, more 
restrictive, low-pass response for use during at least part of 
the time that telephony signalling traffic is present. During 
speech traffic a filter is used which provides a good imped- 
ance match with a telephony terminal or linecard so as to 
minimize detrimental effects on sidetone and echo perfor- 
mance which may impair a user's speech quality. The filter 
response can be varied according to a detected property of 
the telephony traffic, such as amplitude or rate of change of 
amplitude of the traffic. 

17 Clauns, 8 Drawing Sheets 




03/01/2004, EAST Version: 1.4,1 



U.S. Patent Nov. 5, 2002 sheet 1 of 8 US 6,477,249 Bl 




03/01/2004, EAST Version: 1.4.1 



U.S. Patent Nov. 5, 2002 Sheet 2 of 8 US 6,477,249 Bl 




03/01/2004, EAST Version: 1.4.1 



U.S. Patent Nov. 5, 2002 sheet 3 of 8 US 6,477,249 Bl 




03/01/2004, EAST Version: 1.4.1 



U.S. Patent Nov. 5, 2002 sheet 4 of 8 US 6,477,249 Bl 



50v 



Fig. 4 A 



~10v 




03/01/2004, EAST Version: 1,4.1 



U.S. Patent Nov. 5, 2002 sheet 5 of 8 US 6,477,249 Bl 



CTRL 



T 
I 

J. 



I 



DETECTOR 



I DET h 



I 



T 
_J_ 



-51 



J 



- LPF(A) 








52 




- LPF(B) 







Fig. 6 




Fig. 7 A 



CTRL 



V/: 



52 



I DET 
I 

~T" 
l_ 



DETECTOR 

M 



, 1 



LPF (B) 



LPF (A) 



Fig. 7B 



03/01/2004, EAST Version: 1.4.1 



U.S. Patent 



Nov. 5, 2002 



Sheet 6 of 8 



US 6,477,249 Bl 



LINE 




I TERMINAL / 
/ LINECARD 



Fig, 8 



L 



C1 



I. 



Fig. 9 A 



LOW AMPLITUDE (SPEECH) 



_nrhn_ 



cTj~ C2|~ 



Fig. 9B 



HIGH AMPLITUDE (SIGNALLING) 



03/01/2004, EAST Version: 1.4.1 



U.S. Patent 



Nov. 5, 2002 Sheet 7 of 8 



US 6,477,249 Bl 




03/01/2004, EAST Version: 1.4.1 



U.S. Patent Nov. 5, 2002 Sheet 8 of 8 US 6,477,249 Bl 



RL 

nmrx 



sw 



LINE I 



C1 



TERMINAL / 
LINECARD 



C2 



Fig, 12 



RL 



/TYY\ 



SW \ -L. 



C1 



C2 



Fig, 13 



03/01/2004, EAST Version: 1.4.1 



us 6,477,249 Bl 

1 2 

COMMUNICATIONS SIGNAL SPUTTER nal coupler for use with a line carrying POTS and ADSL 

AND FILTER traffic, where a variable impedance circuit is placed in series 

with a low-pass filter and the POTS terminal, the impedance 
circuit being switched on or off to minimise the detrimental 

TECHNICAL HELD ^ effect on filter performance which strong signals can have. 

This invention relates to a signal splitter device for There is a need to provide adequate low-pass filtering of 

separating telephony traffic from further traffic occupying a the POTS traffic to prevent corruption of xDSL traffic 

higher frequency band, such as digital subscriber line traffic. operating in the frequency bands above the voice frequen- 

It also relates to a filter for use in filtering telephony traffic. cies. 

BACKGROUND OF THE INVENTION 1° SUMMARY OF THE INVENTION 

Telecommunications operators' fixed networks were The present invention seeks to provide an improved 

originally constructed entirely from metaUic transmission splitter device. 

media (predominantly copper) carrying voice band signals According to a first aspect of the present invention, there 

in the region 300 Hz to 3.4 kHz, a service commonly known ^ ^ is provided a spUtter for separating telephony traffic from 

as Plain Old Telephone Service (POTS). While the backbone further traffic occupying a higher frequency band, the tele- 

6f the transmission network that interconnects switching phony traffic comprising speech and signalling traffic, the 

centres is now mainly based on optical technology, the splitter device comprising: 

access portion of the network that connects switches to input for transmitting and receiving the telephony and 

customers is still dominated by twisted copper pairs. Many further traffic; 

telecommunicaUons operators wish to use their existing ^ high-pass filter coupled to the input for passing the 

POTS copper access network to deliver broadband services further traffic* and 

such as data delivery (e.g. Internet), teleworking and video ^ ^j^J^ . 

on demand. The current technologies for dehvermg data telephony traffic, the low-pass fiUer being operable to 

over the access network are (a) voi^ band modems which ^ ^^^^ h^t^^^n: 

code data into signals lying within the voice band, support- ^ 

mg data rates of up to 50 kb/s, and (b) ISDN. traffic* and & i- / 

A number of alternate technologies have been developed * ' * • i c 

. 11 uu. * * u -1 1- A *u a second, more restrictive, low-pass response for use 

to allow high bit rate services to be dehvered over the copper , . ' . ^ ^ f,u\- * ^^i^ i!l „o-™«ir«„ 

, ^ u * u 1 • *• -a- % 1 dunng at least part of the time that telephony signaUing 

access network. One such technology is asymmetric digital 3Q traffic is resent r j cr- 

subscriber loop (ADSL). POTS traffic is carried over the ™ 1 . • 1 u 

, : }^ , / c u J J *u AT^cT The second, more restrictive low-pass response can be 

conventional 0 to 4 kHz frequency band and the ADSL .u ui c.u*- jufu^iu 

, „ • *u r u J u oi-iTx- • ♦u used for the whole of the Ume occupied by the telephony 

traffic occupies the frequency band above POTS m the . „. ^ * *u u • • a a • u- 

^lJ , 11 n fu unn^ * PK »A AncT signallmg traffic, at the begmnmg and end of signaUing 

region 24 kHz to 1.1 MHz, Both POl^ traffic and ADSL . a= - a c *i. ^ *• 

^ .1. 1 J • • traffic periods, or for some other duration, 

traffic can be simultaneously earned over the same wire pair. 35 J Descrintion of the Drawings 

An overview of this technology is described in an article f^"^^ w^^^ ! a- , , , 

ju J u- J- 1^ 1- » u /- For a better understandmg of the invention, and to show 

"Broadband Multimedia Delivery over Copper byG . - iu% u j ^ff^ 

T^r^T- , jTT^r^ 1 • T^rrrr i_ V T 1 by Way of example how it may be carried into effect. 

Young. K TFoster and J W Cookm BTTechnolo©r Journal bodLents wUl now be described wiih reference to the 

volume 13, number 4, October 1995. A number of different . ^ ^ which* 

digital modulation techniques have been proposed to car- « '''^gPi"3^^3 a'^^wo^lTfor delivering PO-R and broad- 

rymg the digital data, such as discrete multitone modulation t_ j • * u -u 

^T^» fi-vu -i.- 1 u rc^ band services to a subscriber; 

(DMT) where data is carried by a large number of frequency ^ u u n^-nv j Ar\cT * a: - „ ■ j 

^ . ^ J. ^ A A xjT A ^ /r^Axis A FIG. 2 shows how POTS and ADSL traffic IS camed ovcr 

earners. Quadrature Amphtude Modulation (QAM) and , ■ • i ^ t-t^ i 

^ I A J J 1 //-.Ar»\ A 11 the Ime m the network of FIG. 1; 

Camerless Amplitude/Phase Modulation (CAP). As well as ^ , - • ,u . i eirir^ t 

AT^oT u v . 1 V J . FIG. 3 shows a sputter for use m the network of FIG, 1; 
ADSL, hi^er capacity systems have been proj^sed such as 

very high bit rate digital subscriber Ime (VDSL/VADSL). . . ■ . » o 

^ • ^ r »u * u 1 • * T-icT where transients occur; 

The genenc term for these technologies is xDSL n^ei. cu c au • a 
^ . . ^ , , FIG. 5 shows filter responses for a filter m accordance 
At the telecommun.cat.ons operator s exchange, and at embodiment of the invention; 
the subscnber end. the POTS traffic and xDSL fraffic needs g implementing first and second 
to be separated. This is achieved by a sphtter device com- 50 ^j^^j. responses- 
prising a low-pass filter which delivers POTS signals to a piGS. 7 A and 7B show two further ways of implementing 
telephone or POl^ hne card, and a high pass filter which ^^^^^^^ ^^^^ responses; 

delivers xDSL signals to an xDSL modem or hne card. g ^^^^^ ^ ^ ^^^^^ ^ non-Unear 

An article "ADSL and VADSL Splitter Design and Tele- element; 

phony Performance" by John Cook and Phil Sheppard, in 55 picS. 9Aand 9B show equivalent circuits for the filter of 

IEEE Journal on Selected Areas in Communications, vol- pjQ g different signal amplitudes; 

ume 13, number 9, December 1995, describes two pjQ g^ows a response of the non-linear element; 

approaches to designing splitters. ^Hie article describes the ^^^^^ example of a higherorder filter; 

use of a passive low-pass filter and concludes that this can ^2 shows a first fiUer using a current-sensing ele- 

have an adverse affect on telephony transmission perfor- 60 ment* 

raance. The article also proposes an active, powered, filter ^3 g^ows another filter using a current-sensing 

which uses generalised immittance converters (GIC) at both element, 
the input and output of the filter. This, however, requires 

powering which must be obtained separately and can lead to DETAILED DESCRIPTION OF THE 

a filter which is costly and bulky. 65 INVENTION 

U.S. Pat. No. 5,627,501 "Signal Coupler with Automatic In our arrangement and method, we have found it to be 

Common Line Attenuation Compensation" describes a sig- unnecessary to have a restrictive low-pass filter permanently 
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in use. An advantage of this arrangement is that during Preferably the detector has a non-linear resistive response, 

speech trafiSc a filter is used which provides low loss and a Advantageously the detector is one of the elements of the. 

good impedance match with a telephony terminal or linecard fiher, such as an inductive device, which is responsive to a 

so as to minimize detrimental effects on side tone and echo change in current. 

performance which may impair a user's speech quality. A 5 One preferred low-pass filter comprises an inductor 

good impedance match is possible because the filter only shunted by a parallel combination of a first capacitor and a 

requires a low-order structure. The fi-equency content of sg^ies combination of a second capacitor and a non-linear 

speech is band-limited by the speech itself and by the resistive device 

microphone and audio circuits of a terminal so that a Another preferred low-pass filter comprises a relay coil 

low-order filter can provide adequate filienng However, shunted by a parallel combination of a first capacitor and a 

dunng signalhng, such as loop^isconnect signaUmg a filter ^^^^ combination of a second capacitor and a switch of the 
with a more restrictive response is used to attenuate high- 

frequency components in the signalling. It is possible to use . r j 1 ^i. • 1 1 

a filter which has a more restrictive Fesponse because the A further preferred low-pass filter comprises a relay coil 

poorer impedance matching of the restrictive filter can be sh>"«^d by a series combmation of a capaator and a switch 

tolerated at this time. °^ ""^^^y' "'^'^ " second capacitor bndgmg the 

A further advantage of this arrangement is that simple switch. , , . .. -. , c. 

filters can be used. It is possible to use entirely passive Another aspect of the mvent.on provides a low-p^ filter 

components, thereby minimizing power consumption. The compnsmg an input for receivmg telephony trafiBc, the 

. filter can also be made smaU and ^eaply. "'""f '^"•g speech and signalhng traffic, 

^ . «- t r.^^ «- • • . 20 the filter being operable to pass the telephony tramc and to 

The speech traffic can be POTS traffic compnsmg speech .^^ 

from a user or data from some terminal equipment such as \. , t- . 1 

a fax machine or modem that uses the voice band. The » first low-pass response for use durmg telephony speech 

further trafiBc can be digital subscriber line traffic such as trainc, ana, 

ADSL or VDSL which shares the same line as the telephony a second, more restrictive, iow-pass response for use 

Xi^^c. ^ during at least part of the time that telephony signalling 

The high-pass filter and low-pass filter of the sphtter may ^^^^^ ^ present. ^ . ^ . 

be housed in a single unit, or the filters may be physicaUy Th^ ^^^'P^^ "^^^^^^ preferred 

separate, the high-pass filter being instaUed in a line leading ^^^^^^^^ described above, or in the followmg descnption. 

to equipment that transmits/receives the fiirther trafiBc, and „ ^ f^^^er aspect of the invention provides a method of 

the low-pass filter being installed in a Une leading to operating a sphtter device for separating telephony traffic 

telephony equipment. There may be several low-pass filters, ^^m further traffic occupying a higher frequency band, the 

one installed in each line leading to telephony equipment. telephony traffic comprising speech and signalhng traffic, 

This arrangement allows easier installation of equipment, method comprising: 

and may aUow a subscriber himself to instaU the equipment. transmitting or receiving, at an input to the splitter device, 

Preferably the sphtter further comprises a detector for the telephony and the further U-affic; 

detecting a property of the telephony traffic, the filter separating the further traffic using a high-pass filter 

response being varied according to the detected property. coupled to the input; 

The low-pass filter response can be varied according to one separating the telephony traffic using a low-pass filter 

or more of the following properties: 4^ coupled to the input; and, 

amplitude (voltage or current) of the telephony traffic; varying the filtering response of the low-pass filter 

rate of change of amplitude (voltage or current) of the between a first low-pass response which is used during 

telephony traffic; telephony speech traffic and a second, more restrictive, 

fi-equency content of the telephony traffic. low-pass response which is used during at least part of 

It is also possible to detect the dififerent types of POTS 45 the time that telephony signalling U-affic is present, 

signals themselves and to vary the filter response according A still fiirther aspect of the invention provides a method 

to this detection. One preferred way of varying the ffiter of operating a low-pass filter comprising an input for receiv- 

response is according to amplitude of the POTS traffic. This ing telephony traffic, the telephony traffic comprising speech 

is possible because signahng has a high signal amplitude and and signalling traffic, the method comprising passing the 

speech has a low signal amphtude. This allows a simple way 50 telephony traffic through the filter and varying the filtering 

of varying the filter response. response between: 

The second, more restrictive, low-pass response can have a first low-pass response which is used during telephony 

a lower cutoff frequency, a steeper roll-off or a combination speech traffic; and, 

of these characteristics. The steeper roll-off can be achieved a second, more restrictive, low-pass response which is 

by varying the order of the filter. 55 used during at least part of the time that telephony 

The filter response can be varied by choosing between signalling traffic is present, 

first and second low-pass filters, or by permanently using a Preferred features may be combined as appropriate, and 

first low-pass filter and using a second low-pass filter in may be combined with any of the aspects of the invention, 

addition to the first when it is required. This latter method as would be apparent to a person skilled in the art. 

has the advantage that it reduces the number of required 60 FIG. 1 shows a network for delivering digital subscriber 

filter elements as some are used in both filters. fine data and conventional , POTS telephony to a subscriber 

The detector can be placed in series with at least one of premises. Telephony signals from POTS network 10 arrive 

the filter elements and be operable to switch said at least one at POTS line card 11 at a telecommunications operator's 

filter element according to the detected property of the exchange. Data signals from a broadband network 12 arrive 

telephony traffic. Switching can be achieved by the detector 65 at an xDSL line card 13. The POTS signals and xDSL 

varying in resistance according to the detected property signals are combined at a sphtter 15 for delivery over the 

whereby to switch said at least one element on or off. same cable 20 to a customer premises. Cable 20 is typically 
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a copper twisted-pair. At the customer premises a splitter 25 ability to reflect power. Ideally the fiUer is perfectly 

separates the telephony signals, for delivery to a telephone matched with the transmission line and terniinal equip- 

26, and the xDSL signals for delivery to an xDSL modem 27 ment to which it is coupled, and therefore does not 

and computer, or other equipment 28. The splitter may reflect power. A poor filter retiu-n loss causes echoes on 

comprise a single unit, as shown by imit 15, 25 or the 5 the line, which can be distracting to a subscriber, and 

components of the splitter, i.e. a high-pass filler and a also causes a change in the sidetone level heard by a 

low-pass filter, may be separate as shown by filters 31, 32. subscriber, i.e. the amount by which a person hears 

Various technologies exist for delivering the digital data their own voice when involved in a telephone conver- 

alongside POTS trafBc. ADSL is one such method for sation. 

transmitting digital data at high bit rates over the existing 10 (iii) xhe filter must match the impedance of the line and 

installed twisted pairs. With reference to FIG. 2, ADSL telephone as closely as possible, 

transmits digital data in a frequency band above that used to Furthermore 

^.Tl^^'^}'f^'.J^^^ (iv) the filter must pass the ringing voltage, of up to 

24 kHz to 1.1 MHz Convenuonal POTS traffic typicaUy ^^^^^ ^^^^^^ breakdown. 

uses the frequency band 300 Hz to 3.4 or 4 kHz. ADSL 15 . 1* * inn^/ 

supports commum'cation in forward and reverse directions W the filter miist pass the DC hne voltage of up to lOOV 

by allocating specific frequency bands to the forward and without breakdown. 

reverse channels. Filtering is required to ensure that the (vi) the filter must take a DC current of 50 mA without 

POTS traffic and ADSL traffic do not interfere with each saturation. 

other. 20 (^^) ttt® filter must have low impact on the usefulness of 

FIG. 3 shows the splitter unit 15, 25 in more detail. POTS conventional POTS line test systems, 
and xDSL traffic arrives at an input 34 to the splitter over The requirement for low loss requires the use of lossless 
twisted pair cable 20. A low-pass filter LPF and a high pass reactive components (inductors and capacitors). This die- 
filter HPF are coupled to the input 34. The low-pass filter is tates that the termination impedance of the filter be purely 
designed to pass only the POTS traffic and the high pass 25 resistive. A lossless LC filter behaves very much like a 
filter is designed to pass only the xDSL traffic. A further lossless LC transmission line in the passband, with the 
requirement of the low-pass filler is that it should prevent characteristic impedance being purely resistive and given 
high frequency transients, which can be caused by some by: 
forms of POTS signalling, firom passing to the xDSL modem 
or line 20 where they could interfere with xDSL traffic and 30 ^o-ioot (L/C) 

cause corruption. Referring again to FIG. 1, the high-pass However, because the transmission line is not lossless at 
filter and low-pass filter of the splitter may be separated, the voice band frequencies, the characteristic impedance of 
high -pass fiUer 32 being installed in a line leading to xDSL transmission lines and terminal equipment is complex so 
modem 27, or being incorporated in the xDSL modem itself, that for good return loss the termination impedance needs to 
and the low-pass filter 31 being installed in a line leading to 35 match this and thus also needs to be complex. A fixed filter 
terminal equipment 26. The low-pass filter can take the form which adequately attenuates the high frequencies of the 
of a dongle that is inserted in the telephone line. impulses created by telephones in loop-disconnect signal- 
Telephones signal by two methods, either (i) by rapidly Ung needs to have a sharp filter response and hence a high 
varying their impedance which creates a pulse or transient q^^^^ structure. This level of filtering will significantly 
from the line voltage, know as loop-disconnect signalling, or 40 transform the impedance of the input to the fiher so that the 
(ii) by sending two selected voice band tones simultaneously output impedance will be a poor match and hence cause poor 
along the line, known as dual tone multi-frequency (DTMF) return loss. While signalling transients will be adequately 
signalling. The pulse or transient that is generated in loop- attenuated, speech performance will be unduly impaired, 
disconnect signalling can contain frequencies outside the a filter in accordance with an embodiment of the inven- 
voice band which might interfere with ADSL. FIGS. 4A, 4B, 45 tion varies its frequency response according to whether 
4C show three instances where transients can occur. Firstly, speech or signalling is being carried over the POTS Hne. 
FIG. 4A shows a telephone going "off-hook"*. The line FIG. 5 shows two examples of how the frequency response 
voltage rapidly changes between 50 volts and around 10 of the low-pass filter can be varied. The frequency response 
volts. Secondly, FIG. 4B shows loop-disconnect dialling is shown as a graph of insertion loss against frequency. The 
where a telephone signals a required telephone number by 50 response labelled as 40 corresponds to the filter response 
making and breaking the loop connection. This results in a that is used when speech traffic is carried over the line. A3 
succession of sharp-edged pulses. FIG. 4C shows "tip- dB point f^ of above 4 kHz is preferred such that return loss 
ringing" where the exchange generates a ringing lone which across the voice band is adequate. This requires a 3 dB point 
is superimposed upon the line voltage. When a subscriber of around 8 kHz for a second-order filter. The second 
goes off-hook there is a sudden transition 35 which causes 55 response, labelled as 41, corresponds to the low-pass 
high frequency components. All of the signalling samples response which is used when POTS loop-disconnect signal- 
just described contain sharp transitions between a high and Ung is being carried over the line. Response 41 has a lower 
a low voltage which can generate high frequency compo- cut-off frequency f^^ which is designed to pass the signal- 
nents that can interfere with xDSL traffic. ling pulses sufficiently uncorrupted and to sufficiently 
The low-pass filter which is used in splitter 15, 25 must go attenuate any high-frequency components caused by tran- 
be constructed such that it does not diminish the perfor- sients in the signalling. In practice this requires a giving the 
mance of the telephony service. The main requirements of loop-disconnect signalling pulses a rise time of a few 
this filter are that milliseconds. An alternative form for the second response is 

(i) The filter must have low insertion loss. That is, the shown by dashed hne 42. Here, instead of having a lower 
filter must not unduly attenuate the telephony signals. 65 cut-off frequency, the filter response has a sharper roll-off. 

(ii) The filter must have low return loss at both its input Low-pass filter response 40, used during speech traffic, 
and output. Return loss is a measure of the filter's can be achieved by a fairly low order filter, e.g. a second- 
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order filter, which transforms the impedance much less than changed when the high frequency content, representa- 

a fixed, highernarder filter, and thus the output impedance of tive of a signalling transient, exceeds a predetermined 

the filter will be similar to the terminal load impedance and threshold value, or when the rate of change of fre- 

the return loss will be adequate. Moreover, the voice band quency content exceeds a predetermined threshold 

signals which are carried during this time are both of low 5 value. 

amplitude and are naturally band limited because of the FIG. 8 shows one example of a low-pass filter whose 
frequency response of speech itself and the microphone and response can be changed. This filter is responsive to change 
audio circuits of a terminal. Thus for unimpaired xDSL ^ amplitude of voltage on the line. The filler is a second- 
communication during speech activity, a low order filter is Q^jjer filter comprising an inductor L and first and second 
all that is required. During loop-disconnect signalling, when capacitors CI, C2. Inductor L is placed on the line side of the 
low-pass filter response 41 is used, there is a much more ^j^^j ^ present a high impedance at high frequencies, 
lenient requirement for return loss. This is because a person Capacitor C2 is placed in series with a non-linear element 
is not speaking at this time and therefore the requirements whose response changes in a non-linear manner 
for an adequate level of sidetone and minimal echo are not according to voltage on the line. This voltage non-linear 
necessary. A higher order filter, or a filter with a lower ^5 element NLE can be constructed in a number of ways, such 
roll-off can therefore be used. This filter could also include ^s by a pair of back-to-back zener diodes, a transient voltage 
lossy elements. surge suppressing device such as a HARRIS SEMICON- 

The low-pass filter, in both states, has a high input DUCTOR ML Series device or a suitable transistor arrange- 

impedance at the frequencies used for xDSL and therefore ^3^^ xhe illustrated arrangement is particularly advanta- 

does not upset operation of the high-pass filter and xDSL geous as the detection of signal amplitude and 'switching' is 

signal chain. performed by a single device that is placed in series with the 

FIGS. 6, 7A and 7B show alternative ways of achieving ^j^^j. element C2. 

the two different frequency responses. In FIG. 6, a first ^IG. 10 shows the performance of the non-linear device, 

low-pass filter LPF(A) and a second low-pass filter LPF(B) showing current against voltage. Above a certain threshold 

are alternately switched into use depending on the filtering ^5 voltage the current increases sharply. The effect of the 

response that is required. In FIG. 7A, a first low-pass filter non-linear element is that for low amplitude signals, such as 

(A) is permanendy in use and a second low-pass filter (B), speech, the NLE has a high resistance and therefore capaci- 

or one or more filler elements, are switched into use in C2 is not active. With high amplitude signals, such as 

parallel with the first filter to cause the second response. In pQ-ps loop-disconnect signalling, the NLE has a low resis- 

FIG. 7B, the first low-pass filter (A) is also permanently in 30 tance and therefore capacitor C2 is active and forms part of 

use and a second low-pass filter (B), or one or more filter low-pass filter. FIG. 9A shows the equivalent circuit for 

elements, is switched in series with the first filter to cause the the low-pass filter with low amplitude signals; with only 

second response. In each arrangement some form of detector inductor L and capacitor CI in use. FIG. 9B shows the 

is required to sense when to vary the filter response, A equivalent circuit for the low-pass filter with high ampUtude 

detector can be placed in series with the line as shown by 35 signals, with inductor L and capacitors CI and C2 in 

detector 50, or in shunt across the line as shown by detector operation in parallel thus reducing the cut-off frequency of 

51. The detector issues a control signal CTRL which con- filter. 

trols the state of a switching device 52. The detector output Speech typically has an amplitude of 300 m Vrms, and 

can be fed to a comparator device for comparison with a modem data in the speech band typically has an amplitude 

reference level representative of a condition at which the 40 of 790 mVrms. Loop-disconnect signalling varies between 

filter response should be varied. around lOV and 50 or 63 V. A suitable threshold value for the 

The switching device can be an electrical or electronic non-linear element (NLE), and a breakdown voltage for the 

switch, such as a transistor or thyristor, or a switch that is ^ener diodes forming the NLE, is 3.5y 

associated with a relay coil. piG n shows a more elaborate low-pass filter where 

A simplified arrangement, which is particularly appropri- 45 capacitors C2, C3, C4 are used when the non-linear element 

ate for the configurations of FIG. 7Aor 7B, incorporates the jg in a low impedance state. In this example the filter 

detector in filter (B). The detector and switching functions ^jji change from a low-order filter to a higher-order filler, 

may be combined by using a device that varies in resistance. Alternatively, a device which changes impedance with 

thereby performing a switching function, in response to current can be used. FIGS. 12 and 13 show examples of 

some property of the telephony traffic. 50 second order low-pass filters where current sensing relays 

The detector can detect one or more of the properties of ^ged. In FIG. 12, the low-pass filter comprises a relay 

POTS traffic and use this to make the decision as to when to ^oil RL, capacitor CI and a series arrangement of the relay 

vary the filter response. Suitable properties of the POTS contact SW and a second capacitor C2. During low ampli- 

traffic include: tude speech signals switch SW is open so that the filter 

(i) absolute signal amplitude (voltage or current)— the 55 comprises just the relay coil RL and capacitor CI. During 
filter response is changed when the voltage or current high amplitude signalling switch SW closes and the filter 
amplitude rises above, or falls below, a particular comprises relay coil RL and a parallel combination of 
threshold level. POTS speech signals and POTS loop- capacitors CI and C2. If insufficient inductance is available 
disconnect signalling have different amplitudes. This from the relay coil then a further inductor can be placed in 
allows a simple way of detecting when to vary the filter 50 series with the relay coil. 

response. FIG. 13 shows an alternative arrangement in which 

(ii) rate of change of signal amplitude (voltage or capacitor CI is placed in parallel with switch contact SW. 
current) — the filter response is changed when the rate During speech traffic, switch contact SW is normally open 
of change of voltage or current rises above or falls such that the relay coil RL and the series combination of 
below a particular threshold level; 65 capacitors CI and C2 are in use. During high amplitude 

(iii) signal frequency content created through the rate of signalling switch contact SW is closed such that the filter 
change of voltage or current — the filter response is comprises just relay coil RL and C2. 
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A suitable relay is a telephone line current sensing reed 3. A splitter according to claim 1 wherein the second, 

relay-type 55 manufactured by ERG COMPONENl^ which more restrictive low-pass response has a steeper roll-off. 

can have a coil resistance of 6 ohm and switch with currents 4. A splitter according to claim 3 wherein the second, 

less than 15 mA. more restrictive low-pass response is achieved by varying 

Where rate of change of current is used to vary the filter 5 the order of the filter, 

response a pulse-transformer can be placed in series with the 5. A spUtter according to clami 1 wherem the low-pass 

Une, the output of the pulse transformer feeding a transistor varies its filtenng response by choosmg between first 

switch that is placed in series with a capacitor or other ^^'^j! low-pass filters. ^ . ^ _ 

element of the filter. TTie pulse transformer is responsive to ^' ^ ^ccordmg to claun 1 wherem the low-pass 

- , . \. . ■ . J . • filter comprises a first low-pass filter and the low-pass filter 

a rate of change m current i.e. a transient and tnegers the lO . . f . ji ci* 

a lai^ yjL t-uougv i v. a u sB vaTics its filtering fesponse by usmg a second low -pass filter 

transistor to switch the capacitor on or off as required. addition to the first 

A further method of varying the filter response is to use an ^ ^^^^^^ according to claim 1 wherein the low pass filter 

mductance where its value vanes with current due to satu- comprises a plurahty of filter elements, the detector being 

ration of the field in the ferrite of the mductor. ^i^^^ series with hat least one of the filter elements and 

Where voltage sensitive capacitors are used, such as 15 being operable to switch said at least one filter element 

electrolytic capacitors, it may be necessary to place the according to the detected property of the telephony traffic, 

capacitor within a bridge rectifying circuit so that the a splitter according to claim 7 wherein the detector 

capacitor is not damaged. varies in resistance according to the detected property 

What is claimed is: whereby to switch said at least one element on or off. 

1. A splitter for separating telephony traffic from further 20 9, Asphtter according to claim 8 wherein the detector has 
traffic occupying a higher frequency band, the telephony a non-linear resistive response. 

traffic comprising speech and signalling traffic, the spUtter 10. A splitter according to claim 1 wherein the detector is 

device comprising: one of the elements of the filter. 

an input for transmitting and receiving the telephony and 11. Asphtter according to claim 10 wherein the detector 

the further traffic; 25 an inductive device, 

a detector for detecting a property characteristic of the 12. A splitter according to claim 1 wherein the detector is 

telephony traffic; responsive to a change in current, 

a high-pass filter coupled to the input for passing the ^ ^P^^"^^ according to claim 12 wherein the detector 

fiirther traffic; and, comprises a current-sensmg relay. 

_ , 14. A splitter according to claim 1 comprising an inductor 

a low-pass filter coupled to the input for passing the ^^^^^^^ ^ ^ ^^^i^j combination of a first capacitor and a 

telephony traffic, the low-pass filter bemg arranged so ^^^^ combination of a second capacitor and a non-linear 

as to vary its filtermg response between: resistive device, 

a first low-pass response for use during telephony speech 15. splitter according to claim 1 comprising a relay coil 

traffic; and, 35 shunted by a parallel combination of a first capacitor and a 

a second, reduced cut-off frequency, low-pass response series combination of a second capacitor and a switch of the 

for use during at least a portion of the time that relay. 

telephony signalfing traffic is present; and wherein the 16. A splitter according to claim 1 comprising a relay coil 

filter response is varied according to the property shunted by a series combination of a capacitor and a switch 

characteristic of the telephony traffic, said property ^ of the relay, there being a second capacitor bridging the 

being selected from the group consisting of, amplitude switch. 

of the telephony traffic, rate of change of amphtude of 17. A splitter according to claim 1 wherein the telephony 

the telephony traffic, and frequency content of the traffic comprises Plain Old Telephone Service (POTS) and 

telephony traffic. the further traffic comprises Asymmetric Digital Subscriber 

2. A splitter according to claim 1 wherein the second, ^5 Line (ADSL), 
more restrictive, low-pass response has a lower cut-off 

frequency. ♦ * ♦ * * 
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ABSTRACT 



A splitter separates telephony traffic (POTS) from digital 
subscriber line (ADSL) traffic occupying a higher frequency 
band. The sphtter comprises a low-pass filter for passing the 
telephony traffic, the low-pass filter being operable to vary 
its filtering response between a first low-pass response for 
use during telephony speech traffic, and a second, more 
restrictive, low-pass response for use during at least part of 
the time that telephony signalling traffic is present. During 
speech traffic a filter is used which provides a good imped- 
ance match with a telephony terminal or linecard so as to 
minimize detrimental effects on sidetone and echo perfor- 
mance which may impair a user's speech quality. The filter 
response can be varied according to a delected property of 
the telephony traffic, such as amplitude or rate of change of 
amplitude of the traffic. 

17 Claims, 8 Drawing Sheets 
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COMMUNICATIONS SIGNAL SPLITTER 
AND FILTER 

TECHNICAL FIELD ^ 

This invention relates to a signal splitter device for 
separating telephony traffic from further trafiBc occupying a 
higher frequency band, such as digital subscriber line traffic. 
It also relates to a filter for use in filtering telephony traffic. 

BACKGROUND OF THE INVENTION 1° 

Telecommunications operators' fixed networks were 
originally constructed entirely from metallic transmission 
media (predominantly copper) carrying voice band signals 
in the region 300 Hz to 3.4 kHz, a service commonly known 
as Plain Old Telephone Service (POTS). While the backbone 
of the transmission network that interconnects switching 
centres is now mainly based on optical technology, the 
access portion of the network that connects switches to 
customers is still dominated by twisted copper pairs. Many 
telecommunications operators wish to use their existing 
POTS copper access network to dehver broadband services 
such as data delivery (e.g. Internet), teleworking and video 
on demand. The current technologies for defivering data 
over the access network are (a) voice band modems which ^5 
code data into signals lying within the voice band, support- 
ing data rates of up to 50 kb/s, and (b) ISDN. 

A number of alternate technologies have been developed 
to allow high bit rate services to be delivered over the copper 
access network. One such technology is asymmetric digital 30 
subscriber loop (ADSL). POTS traffic is carried over the 
conventional 0 to 4 kHz frequency band and the ADSL 
traffic occupies the frequency band above POTS in the 
region 24 kHz to 1.1 MHz. Both POTS traffic and ADSL 
traffic can be simultaneously carried over the same wire pair. 35 
An overview of this technology is described in an article 
"Broadband Multimedia Delivery over Copper" by G 
Young, K T Foster and J W Cook in BT Technology Journal, 
volume 13, number 4, October 1995. A number of different 
digital modulation techniques have been proposed for car- ^ 
rying the digital data, such as discrete multitone modulation 
(DMT) where data is carried by a large number of frequency 
carriers. Quadrature Amplitude Modulation (QAM) and 
Carrierless Amplitude/Phase Modulation (CAP). As well as 
ADSL, higher capacity systems have been proposed such as 45 
very high bit rate digital subscriber line (VDSIVVADSL). 
The generic term for these technologies is xDSL. 

At the telecommunications operator's exchange, and at 
the subscriber end, the POTS traffic and xDSL traffic needs 
to be separated. This is achieved by a sphtter device com- 50 
prising a low-pass filter which delivers POTS signals to a 
telephone or POTS line card, and a high pass filter which 
delivers xDSL signals to an xDSL modem or line card. 

An article "ADSL and VADSL Splitter Design and Tele- 
phony Performance" by John Cook and Phil Sheppard, in 55 
IEEE Journal on Selected Areas in Communications, vol- 
ume 13, number 9, December 1995, describes two 
approaches to designing splitters. The article describes the 
use of a passive low-pass filter and concludes that this can 
have an adverse affect on telephony transmission perfor- 60 
mance. The article also proposes an active, powered, filter 
which uses generalised immittance converters (GIC) at both 
the input and output of the filter. This, however, requires 
powering which must be obtained separately and can lead to 
a filter which is costly and bulky. 65 

U.S. Pal. No, 5,627,501 "Signal Coupler with Automatic 
Common Line Attenuation Compensation" describes a sig- 
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nal coupler for use with a line carrying POTS and ADSL 
traffic, where a variable impedance circuit is placed in series 
with a low-pass filter and the POTS terminal, the impedance 
circuit being switched on or off to minimise the detrimental 
effect on filter performance which strong signals can have. 

There is a need to provide adequate low-pass filtering of 
the POTS traffic to prevent corruption of xDSL traffic 
operating in the frequency bands above the voice frequen- 
cies. 

SUMMARY OF THE INVENTION 

ITie present invention seeks to provide an improved 
splitter device. 

According to a first aspect of the present invention, there 
is provided a splitter for separating telephony traffic from 
further traffic occupying a higher frequency band, the tele- 
phony traffic comprising speech and signalling traffic, the 
splitter device comprising: 

an input for transmitting and receiving the telephony and 
further traffic; 

a high-pass filter coupled to the input for passing the 

further traffic; and, 
a low-pass filter coupled to the input for passing the 

telephony traffic, the low-pass filter being operable to 

vary its filtering response between: 
a first low-pass response for use during telephony speech 

traffic; and, 

a second, more restrictive, low-pass response for use 
during at least part of the time that telephony signalling 
traffic is present. 

The second, more restrictive low-pass response can be 
used for the whole of the time occupied by the telephony 
signalling traffic, at the beginning and end of signalling 
traffic periods, or for some other duration. 

Brief Description of the Drawings 

For a better understanding of the invention, and to show 
by way of example how it may be carried into effect, 
embodiments will now be described with reference to the 
accompanying drawings, in which: 

FIG. 1 shows a network for delivering POTS and broad- 
band services to a subscriber; 

FIG. 2 shows how POTS and ADSL traffic is carried over 
the line in the network of FIG. 1; 

FIG. 3 shows a splitter for use in the network of FIG. 1; 

FIGS. 4A, 4B and 4C show types of POTS signalling 
where transients occur; 

FIG. 5 shows filter responses for a filter in accordance 
with an embodiment of the invention; 

FIG. 6 shows one way of implementing first and second 
filter responses; 

FIGS. 7Aand 7B show two further ways of implementing 
different filter responses; 

FIG. 8 shows an example of a filter using a non-linear 
element; 

FIGS. 9A and 9B show equivalent circuits for the filter of 
FIG. 8 at different signal amplitudes; 

FIG. 10 shows a response of the non-linear element; 

FIG. 11 shows an example of a higher-order filter; 

FIG. 12 shows a first fiher using a current-sensing ele- 
ment; 

FIG. 13 shows another filter using a current-sensing 
element, 

DETAILED DESCRIPTION OF THE 
INVENTION 

In our arrangement and method, we have foimd it to be 
unnecessary to have a restrictive low-pass filter permanently 
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in use. An advantage of this arrangement is that during 
speech traflSc a fiUer is used which provides low loss and a 
good impedance match with a telephony terminal or Unecard 
so as to minimize detrimental effects on sidetone and echo 
performance which may impair a user's speech quality. A 5 
good impedance match is possible because the filter only 
requires a low-order structure. The frequency content of 
speech is band-limited by the speech itself and by the 
microphone and audio circuits of a terminal so that a 
low-order filter can provide adequate filtering. However, 
during signalhng, such as loop-disconnect signalling, a filter 
with a more restrictive response is used to attenuate high- 
frequency components in the signalling. It is possible to use 
a filter which has a more restrictive response because the 
poorer impedance matching of the restrictive filter can be 
tolerated at this time. 

A further advantage of this arrangement is that simple 
filters can be used. It is possible to use entirely passive 
components, thereby minimizing power consumption. The 
filter can also be made small and cheaply. 

The speech traffic can be POTS traffic comprising speech 
from a user or data from some terminal equipment such as 
a fax machine or modem that uses the voice band. The 
further traffic can be digital subscriber line traflSc such as 
ADSL or VDSL which shares the same line as the telephony ^ 
traffic. 

The high -pass filter and low-pass filter of the splitter may 
be housed in a single unit, or the filters may be physically 
separate, the high-pass filter being installed in a line leading 
to equipment that transmits/receives the further traffic, and 
the low-pass filter being installed in a line, leading to 
telephony equipment. There may be several low-pass filters, 
one installed in each line leading to telephony equipment. 
This arrangement allows easier installation of equipment, 
and may allow a subscriber himself to install the equipment. 

Preferably the splitter further comprises a detector for 
detecting a property of the telephony traffic, the filter 
response being varied according to the detected property. 
The low-pass filter response can be varied according to one 
or more of the following properties: 

amplitude (voltage or current) of the telephony traffic; 

rate of change of amplitude (voltage or current) of the 
telephony traffic; 

frequency content of the telephony traffic. 

It is also possible to detect the different types of POTS 45 
signals themselves and to vary the filter response according 
to this detection. One preferred way of varying the filter 
response is according to amplitude of the POTS traffic. This 
is possible becaiise signaling has a high signal amplitude and 
speech has a low signal amplitude. This allows a simple way 50 
of varying the filter response. 

The second, more restrictive, low-pass response can have 
a lower cutoff frequency, a steeper roll-off or a combination 
of these characteristics. The steeper roU-off can be achieved 
by varying the order of the filter. 55 

The filter response can be varied by choosing between 
first and second low-pass filters, or by permanently using a 
first low-pass filter and using a second low-pass filter in 
addition to the first when it is required. This latter method 
has the advantage that it reduces the number of required 60 
filter elements as some are used in both fillers. 

llie detector can be placed in series with at least one of 
the filter elements and be operable to switch said at least one 
filter element according to the detected property of the 
telephony traffic. Switching can be achieved by the detector 65 
varying in resistance according to the detected property 
whereby to switch said at least one element on or off. 
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Preferably the detector has a non- linear resistive response. 

Advantageously the detector is one of the elements of the 
filter, such as an inductive device, which is responsive to a 
change in current. 

One preferred low-pass filter comprises an inductor 
shunted by a parallel combination of a first capacitor and a 
series combination of a second capacitor and a non-linear 
resistive device. 

Another preferred low-pass filter comprises a relay coil 
shunted by a parallel combination of a first capacitor and a 
series combination of a second capacitor and a switch of the 
relay. 

A further preferred low-pass filter comprises a relay coil 
shunted by a series combination of a capacitor and a switch 
of the relay, there being a second capacitor bridging the 
switch. 

Another aspect of the invention provides a low-pass filter 
comprising an input for receiving telephony traffic, the 
telephony traffic comprising speech and signalling traffic, 
the filter being operable to pass the telephony traffic and to 
vary its filtering response between: 

a first low-pass response for use during telephony speech 
traffic; and, 

a second, more restrictive, low-pass response for use 
during at least part of the time that telephony signalling 
traffic is present. 
This low-pass filter can include any of the preferred 
features described above, or in the following description. 

A further aspect of the invention provides a method of 
operating a splitter device for separating telephony traffic 
from further traffic occupying a higher frequency band, the 
telephony traffic comprising speech and signalling traffic, 
the method comprising: 

transmitting or receiving, at an input to the splitter device, 

the telephony and the further traffic; 
separating the further traffic using a high-pass filter 

coupled to the input; 
separating the telephony traffic using a low-pass filter 

coupled to the input; and, 
varying the filtering response of the low-pass filter 
between a first low-pass response which is used during 
telephony speech traffic and a second, more restrictive, 
low-pass response which is used during at least part of 
the time that telephony signalling traffic is present. 
A still further aspect of the invention provides a method 
of operating a low-pass filter comprising an input for receiv- 
ing telephony traffic, the telephony traffic comprising speech 
and signalling traffic, the method comprising passing the 
telephony traffic through the filter and varying the filtering 
response between: 

a first low-pass response which is used during telephony 

speech traffic; and, 
a second, more restrictive, low-pass response which is 
used during at least part of the time that telephony 
signalling traffic is present. 
Preferred features may be combined as appropriate, and 
may be combined with any of the aspects of the invention, 
as would be apparent to a person skilled in the art. 

FIG. 1 shows a network for delivering digital subscriber 
line data and conventional POTS telephony to a subscriber 
premises. Telephony signals from POTS network 10 arrive 
at POTS line card 11 at a telecommunications operator's 
exchange. Data signals firom a broadband network 12 arrive 
at an xDSL line card 13. The POTS signals and xDSL 
signals are combined at a splitter 15 for delivery over the 
same cable 20 to a customer premises. Cable 20 is typically 
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a copper iwisied-pair. At the customer premises a splitter 25 ability to reflect power. Ideally the filter is perfectly 

separates the telephony sigoals, for delivery to a telephone matched with the transmission line and terminal equip- 

26, and the xDSL signals for delivery to an xDSL modem 27 ment to which it is coupled, and therefore does not 

and computer, or other equipment 28. The splitter may reflect power. A poor filter return loss causes echoes on 

comprise a single unit, as shown by unit 15, 25 or the 5 the line, which can be distracting to a subscriber, and 

components of the splitter, i.e. a high -pass filter and a also causes a change in the sidetone level heard by a 

low-pass filter, may be separate as shown by filters 31, 32. subscriber, i.e. the amount by which a person hears 

Various technologies exist for delivering the digital data their own voice when involved in a telephone conver- 

alongside POl^ tralEc. ADSL is one such method for sation. 

transmitting digital data at high bit rates over the existing 10 (yj) jhe filter must match the impedance of the line and 

instaUed twisted pairs. With reference to FIG. 2, ADSL j^e telephone as closely as possible, 

transmits digital data in a frequency band above that used to Furthermore 

carry POTS trafl&c. ADSL typically uses the frequency band f,* ^. ^^^^ . „„^„„ „„it«™ t« 

. TT ^ ^ »*TT ^ 1 nr^rr^ . . - n (iv) thc filter ffiust pass the rmging voltage 01 up to 

24 kHz to 1.1 MHz. ConvenUonal POTS traffic typicaUy ^ ^^^^^ ^^^^^^ breakdown 

uses the firequency band 300 Hz to 3.4 or 4 kHz. ADSL 15 , , . ^ ^r. \^ , r 

supports communication in forward and reverse directions W ^^e DC hne voltage of up to lOOV 

by allocating specific frequency bands to the forward and without breakdown. 

reverse channels. Ffltering is required to ensure that the (vi) the filter must take a DC current of 50 mA without 

POTS trafSc and ADSL traffic do not interfere with each saturation. 

other. 20 (^^) ^^^^ ^^^^ impact on the usefulness of 

FIG. 3 shows the splitter unit 15, 25 in more detail. POTS conventional POTS line test systems, 
and xDSL traffic arrives at an input 34 to the splitter over The requirement for low loss requires the use of lossless 
twisted pair cable 20. A low-pass filter LPF and a high pass reactive components (inductors and capacitors). This die- 
filter HPF are coupled to the input 34. The low-pass filter is tates that the termination impedance of the filter be purely 
designed to pass only the POTS traffic and the high pass 25 resistive. A lossless LC filter behaves very much like a 
filter is designed to pass only the xDSL traffic. A further lossless LC transmission line in the passband, with the 
requirement of the low-pass filter is that it should prevent characteristic impedance being purely resistive and given 
high frequency transients, which can be caused by some by: 
forms of POTS signalling, from passing to the xDSL modem 
or line 20 where they could interfere with xDSL traffic and 30 Zcrroot (L/C) 

cause corruption. Referring again to FIG. 1, the high-pass However, because the transmission fine is not lossless at 
filterandlow-passfilterof the splitter may be separated, the voice band frequencies, the characteristic impedance of 
high -pass filter 32 being installed in a hne leading to xDSL transmission lines and terminal equipment is complex so 
modem 27, or being incorporated in the xDSL modem itself, that for good return loss the termination impedance needs to 
and the low-pass filter 31 being installed in a line leading to 35 match this and thus also needs to be complex. A fixed filter 
terminal equipment 26. The low-pass filter can take the form which adequately attenuates the high frequencies of the 
of a dongle that is inserted in the telephone hne. impulses created by telephones in loop-disconnect signal- 
Telephones signal by two methods, either (i) by rapidly Hng needs to have a sharp filter response and hence a high 
varying their, impedance which creates a pulse or transient order structure. This level of filtering will significantly 
from the line voltage, know as loop-disconnect signalhng, or 40 transfonn the impedance of the input to the filter so that the 
(ii) by sending two selected voice band tones simultaneously output impedance will be a poor match and hence cause poor 
along the line, known as dual tone multi-firequency (DTMF) return loss. While signalhng transients will be adequately 
signalling. The pulse or transient that is generated in loop- attenuated, speech performance will be unduly impaired, 
disconnect signalling can contain frequencies outside the A filter in accordance with an embodiment of the inven- 
voice band which might interfere with ADSL, FIGS. 4A, 4B, 45 tion varies its firequency response according to whether 
4C show three instances where transients can occur. Firstly, speech or signalling is being carried over the POTS hne. 
FIG. 4A shows a telephone going "off-hook". The Une FIG. 5 shows two examples of how the fi-equency response 
voltage rapidly changes between 50 volts and around 10 of the low-pass filter can be varied. The frequency response 
volts. Secondly, FIG. 4B shows loop-disconnect dialling is shown as a graph of insertion loss against frequency. The 
where a telephone signals a required telephone number by 50 response labelled as 40 corresponds to the filter response 
making and breaking the loop connection. This results in a that is used when speech traffic is carried over the line. A3 
succession of sharp-edged pulses. FIG. 4C shows "tip- dB point f^ of above 4 kHz is preferred such that return loss 
ringing'' where the exchange generates a ringing tone which across the voice band is adequate. This requires a 3 dB point 
is superimposed upon the Une voltage. When a subscriber of around 8 kHz for a second-order filter. The second 
goes off-hook there is a sudden transition 35 which causes 55 response, labelled as 41, corresponds to the low-pass 
high frequency components. All of the signalling samples response which is used when POTS loop-disconnect signal- 
just described contain sharp transitions between a high and ji^g is being carried over the line. Response 41 has a lower 
a low voltage which can generate high frequency compo- cut-off frequency fjr ^ which is designed to pass the signal- 
nents that can interfere with xDSL traffic. ling pulses sufficiently uncorrupted and to sufficiently 
The low-pass filter which is used in splitter 15, 25 must go attenuate any high-firequency components caused by tran- 
be constructed such that it does not diminish thc perfor- sients in the signalling. In practice this requires a giving the 
mance of the telephony service. The main requirements of loop-disconnect signaUing pulses a rise time of a few 
this filter are that milhseconds. An alternative form for the second response is 

(i) The filter must have low insertion loss. That is, the shown by dashed Une 42. Here, instead of having a lower 
filter must not unduly attenuate the telephony signals. 65 cut-off frequency, the filter response has a sharper roll-off. 

(ii) The filter must have low return loss at both its input Low-pass filter response 40, used during speech traffic, 
and output. Return loss is a measure of the filter's can be achieved by a fairly low order filter, e.g. a second - 
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order filter, which transforms the impedance much less than 
a fixed, higher-order filter, and thus the output impedance of 
the filter will be similar to the terminal load impedance and 
the return loss will be adequate. Moreover, the voice band 
signals which are carried during this time are both of low 5 
amplitude and are naturally band limited because of the 
frequency response of speech itself and the microphone and 
audio circuits of a terminal. Thus for unimpaired xDSL 
communication during speech activity, a low order filter is 
aU that is required. During loop^disconnect signalling, when jq 
low-pass filter response 41 is used, there is a much more 
lenient requirement for return loss. This is because a person 
is not speaking at this time and therefore the requirements 
for an adequate level of sidetone and minimal echo are not 
necessary. A higher order filter, or a filter with a lower 
roll-off can therefore be used. This fiUer could also include 
lossy elements. 

The low-pass filter, in both states, has a high input 
impedance at the frequencies used for xDSL and therefore 
does not upset operation of the high -pass filter and xDSL 20 
signal chain. 

FIGS. 6, 7A and 7B show alternative ways of achieving 
the two different frequency responses. In FIG. 6, a first 
low-pass filter LPF(A) and a second low-pass filter LPF(B) 
are alternately switched into use depending on the filtering 25 
response that is required. In FIG. 7A, a first low-pass filler 
(A) is permanently in use and a second low-pass filter (B), 
or one or more filter elements, are switched into use in 
parallel with the first filter to cause the second response. In 
FIG. 7B, the first low-pass filter (A) is also permanently in 3Q 
use and a second low-pass filter (B), or one or more filter 
elements, is switched in series with the first filter to cause the 
second response. In each arrangement some form of detector 
is required to sense when to vary the filter response, A 
detector can be placed in series with the line as shown by 35 
detector 50, or in shunt across the line as shown by detector 
51. The detector issues a control signal CTRL which con- 
trols the state of a switching device 52. The detector output 
can be fed to a comparator device for comparison with a 
reference level representative of a condition at which the ^ 
filter response should be varied. 

The switching device can be an electrical or electronic 
switch, such as a transistor or thyristor, or a switch that is 
associated with a relay coil. 

A simplified arrangement, which is particularly appropri- 45 
ate for the configurations of FIG. 7 A or 7B, incorporates the 
detector in filter (B). The detector and switching functions 
may be combined by using a device that varies in resistance, 
thereby performing a switching function, in response to 
some property of the telephony traffic. 

The detector can detect one or more of the properties of 
POTS traffic and use this to make the decision as to when to 
vary the fiher response. Suitable properties of the POI^ 
traffic include: 

(i) absolute signal amplitude (voltage or current) — the 55 
filter response is changed when the voltage or current 
amplitude rises above, or falls below, a particular 
threshold level. POTS speech signals and POTS loop- 
disconnect signalling have different amplitudes. This 
allows a simple way of detecting when to vary the filter go 
response. 

(ii) rate of change of signal amplitude (voltage or 
current) — the filter response is changed when the rate 
of change of voltage or current rises above or falls 
below a particular threshold level; 65 

(iii) signal frequency content created through the rate of 
change of voltage or current — the filter response is 



,249 Bl 

S 

changed when the high frequency content, representa- 
tive of a signalling transient, exceeds a predetermined 
threshold value,, or when the rate of change of fre- 
quency content exceeds a predetermined threshold 
value. 

FIG. 8 shows one example of a low-pass filter whose 
response can be changed. This filter is responsive to change 
in amplitude of voltage on the line. The filter is a second- 
order filter comprising an inductor L and first and second 
capacitors CI, C2. Inductor L is placed on the line side of the 
filter to present a high impedance at high frequencies. 
Capacitor C2 is placed in series with a non-linear element 
NLE whose response changes in a non-Hnear manner 
according to voltage on the line. This voltage non-linear 
element NLE can be constructed in a number of ways, such 
as by a pair of back-to-back zener diodes, a transient voltage 
surge suppressing device such as a HARRIS SEMICON- 
DUCTOR ML Series device or a suitable transistor arrange- 
ment. The illustrated arrangement is particularly advanta- 
geous as the detection of signal amplitude and 'switching' is 
performed by a single device that is placed in series with the 
filter element C2. 

FIG. 10 shows the performance of the non-linear device, 
showing current against voltage. Above a certain threshold 
voltage the current increases sharply. The effect of the 
non -linear element is that for low amplitude signals, such as 
speech, the NLE has a high resistance and therefore capaci- 
tor C2 is not active. With high amplitude signals, such as 
POTS loop-disconnect signalling, the NLE has a low resis- 
tance and therefore capacitor C2 is active and forms part of 
the low-pass filter. FIG. 9A shows the equivalent circuit for 
the low-pass fiher with low amplitude signals; with only 
inductor L and capacitor CI in use. FIG. 9B shows the 
equivalent circuit for the low-pass filter with high amplitude 
signals, with inductor L and capacitors CI and C2 in 
operation in parallel thus reducing the cut-off frequency of 
the filter. 

Speech typically has an amplitude of 300 mVrms, and 
modem data in the speech band typically has an amplitude 
of 700 mVrms. Loop-disconnect signalling varies between 
aroimd lOV and 50 or 63 V. A suitable threshold value for the 
non-linear element (NLE), and a breakdown voltage for the 
zener diodes forming the NLE, is 3.5V. 

HG. 11 shows a more elaborate low-pass filter where 
capacitors C2, C3, C4 are used when the non-linear element 
NLE is in a low impedance state. In this example the filter 
will change from a low-order filter to a higher-order filter. 

Alternatively, a device which changes impedance with 
current can be used. FIGS. 12 and 13 show examples of 
second order low-pass filters where current sensing relays 
are used. In FIG. 12, the low-pass filter comprises a relay 
coil RL, capacitor CI and a series arrangement of the relay 
contact SW and a second capacitor C2. During low ampli- 
tude speech signals switch SW is open so that the filter 
comprises just the relay coil RL and capacitor CI. During 
high amplitude signalling switch SW closes and the filter 
comprises relay coil RL and a parallel combination of 
capacitors CI and C2. If insufficient inductance is available 
from the relay coil then a further inductor can be placed in 
series with the relay coil. 

FIG. 13 shows an alternative arrangement in which 
capacitor CI is placed in parallel with switch contact SW. 
During speech traffic, switch contact SW is normally open 
such that the relay coil RL and the series combination of 
capacitors CI and C2 are in use. During high amplitude 
signalling switch contact SW is closed such that the filter 
comprises just relay coil RL and C2. 
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A suitable relay is a telephone line current sensing reed 
relay-type 55 manufactured by ERG COMPONENTS which 
can have a coil resistance of 6 ohm and switch with currents 
less than 15 mA. 

Where rate of change of current is used to vary the filter 
response a piilse-transformer can be placed in series with the 
line, the output of the pulse transformer feeding a transistor 
switch that is placed in series with a capacitor or other 
element of the filter. Tht pulse transformer is responsive to 
a rate of change in current i.e. a transient and triggers the 
transistor to switch the capacitor on or off as required. 

A further method of varying the filter response is to use an 
inductance where its value varies with current due to satu- 
ration of the field in the ferrite of the inductor. 

Where voltage sensitive capacitors are used, such as 
electrolytic capacitors, it may be necessary to place the 
capacitor within a bridge rectifying circuit so that the 
capacitor is not damaged. 

What is claimed is: 

1. A splitter for separating telephony trafSc from further 
traffic occupying a higher frequency band, the telephony 
traffic comprising speech and signalling traffic, the splitter 
device comprising: 

an input for transmitting and receiving the telephony and 

the further traffic; 
a detector for detecting a property characteristic of the 

telephony traffic; 
a high-pass filter coupled to the input for passing the 

further traffic; and, 
a low-pass filter coupled to the input for passing the 

telephony traffic, the low-pass filter being arranged so 

as to vary its filtering response between: 
a first low-pass response for use during telephony speech 

traffic; and, 

a second, reduced cut-off frequency, low-pass response 
for use d;u-ing at least a portion of the time that 
telephony signalling traffic is present; and wherein the 
filter response is varied according to the property 
characteristic of the telephony traffic, said property 
being selected from the group consisting of, amplitude 
of the telephony traffic, rate of change of amplitude of 
the telephony traffic, and frequency content of the 
telephony traffic. 

2. A splitter according to claim 1 wherein the second, 
more restrictive, low-pass response has a lower cut-off 
frequency. 
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3. A splitter according to claim 1 wherein the second, 
more restrictive low-pass response has a steeper roll-off. 

4. A splitter according to claim 3 wherein the second, 
more restrictive low-pass response is achieved by varying 

5 the order of the filter. 

5. A splitter according to claim 1 wherein the low-pass 
filler varies its filtering response by choosing between first 
and second low-pass filters. 

6. A splitter according to claim 1 wherein the low-pass 
filter comprises a first low-pass filter and the low-pass filter 
varies its filtering response by using a second low -pass filter 
in addition to the first. 

7. splitter according to claim 1 wherein the low pass filter 
comprises a plurality of filter elements, the detector being 
placed in series with hat least one of the filter elements and 

1^ being operable to switch said at least one filter element 
according to the detected property of the telephony traffic. 

8. A splitter according to claim 7 wherein the detector 
varies in resistance according to the detected property 
whereby to switch said at least one element on or off. 

20 9. A splitter according to claim 8 wherein the detector has 
a non-linear resistive response. 

10. A sputter according to claim 1 wherein the detector is 
one of the elements of the filter. 

11. A sphtter according to claim 10 wherein the detector 
25 is an inductive device. 

12. A splitter according to claim 1 wherein the detector is 
responsive to a change in current. 

13. A splitter according to claim 12 wherein the detector 
comprises a current-sensing relay. 

30 14. A splitter according to claim 1 comprising an inductor 
shunted by a parallel combination of a first capacitor and a 
series combination of a second capacitor and a non-linear 
resistive device. 

15. splitter according to claim 1 comprising a relay coil 
35 shunted by a parallel combination of a first capacitor and a 

series combination of a second capacitor and a switch of the 
relay. 

16. A splitter according to claim 1 comprising a relay coil 
shunted by a series combination of a capacitor and a switch 

^ of the relay, there being a second capacitor bridging the 
switch. 

17. A splitter according to claim 1 wherein the telephony 
traffic comprises Plain Old Telephone Service (POTS) and 
the further traffic comprises Asymmetric Digital Subscriber 

45 Line (ADSL). 

4> « * * * 
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